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BI-DIRECTIONAL RELATIONSHIP BETWEEN OBESITY AND DEPRESSION 
AMONG ADOLESCENT GIRLS 
ANYU HU 
 
ABSTRACT 
 
Major depressive disorder is one of the most common mental health conditions in 
the world while obesity, a condition tied to numerous chronic conditions throughout the 
lifespan, is at epidemic levels throughout most of the world. Adolescence is a crucial 
transition period for physical, cognitive, and social-emotional development. Adolescents, 
particularly girls, are at high risk of developing depression and obesity. Some studies 
suggest that obesity is a risk factor for the development of depression while others 
suggest that depression alters health habits, thereby leading to obesity. The overall goal 
of this work is to examine both of these questions in adolescent girls and further to 
explore whether the relationship between obesity (and other related risk factors) and 
depression is a bi-directional one. 
The National Heart, Lung, and Blood Institute’s Growth and Health Study 
(NGHS) is an observational study of 2379 adolescent black and white girls. Height and 
weight was measured annually (and used to estimate body mass index) over 10 years 
from early to late adolescence. Diet and other risk factors were also measured 
longitudinally over 10 years. Depression was measured twice using the Centers for 
Epidemiologic Studies Depression Scale (CES-D): first at exam 8 and then at the final 
exam (exam 10). Multivariable logistic regression and longitudinal (repeated measures) 
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mixed models were used to control for potential confounding by age, socio-economic 
status, physical activity, hours of television/video watching per day, and dietary factors. 
The first objective was to determine whether young adolescent girls who were 
already overweight or obese had a higher risk for developing depression during the 
follow-up exams in later adolescence. Overall, the prevalence of moderate (or worse) 
depression was much higher in girls who were classified as obese (47.4% with depression) 
than either overweight (37.8%) or normal-weight (34.3%) girls. After adjusting for 
baseline age, race, SES, television/video hour per day), physical activity level, diet 
quality (using Healthy Eating Index scores), and percent of energy from protein, obese 
girls had a 68% increase risk of subsequent depression (95% CI: 1.17 to 2.39) compared 
with normal weight girls. There was no increased depression risk for overweight girls. 
The risk of incident depression associated with obesity was the same for blacks and 
whites in the study. Finally, after controlling further for a measure of self-worth (using 
the Harter Scales), the effect of obesity was somewhat attenuated. 
The second objective of the study was to explore other risk factors for depression 
in these adolescent girls. In these analyses, several factors from the early adolescent years 
predicted the development of later depression (moderate or worse). These included hours 
spent watching television (risk increased by 6% for each additional hour watched per 
day), white race, SES, obesity, and self-worth score. While the self-worth score ranged 
only from 1 to 4, there was nearly a 60% reduction in risk for each increase of one point 
in the score. Thus, self-worth was a particularly important predictor, with higher self-
worth scores protecting these girls from incident depression. 
vii 
   
The final objective of this work was to examine the change in behavioral risk 
factors associated with prevalent depression at exam 8. Depressed (vs. non-depressed) 
girls who were not obese at exam 8 were approximately 75% more likely to become 
obese by exam 10. 
The results of this study support a finding of a bi-directional relationship between 
obesity and depression in adolescent girls. 
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INTRODUCTION 
 
Depression 
As one of the most common mental disorders in human beings, depression has 
been described as “an illness that involves  the body, mood and thoughts”1 which can 
bring excruciating pain to its victims as well as friends and family. Adolescence is a 
crucial developmental period during which dramatic physical and psychological changes 
occur and multiple challenges related to education, occupation and socialization must be 
faced. As a consequence, adolescents are particularly vulnerable to developing 
depression. The marked mood changes which accompany depression can profoundly 
interfere with academic performance and activities of daily life. Adolescents can 
experience a number of the classic symptoms of major depression common to adults 
including inability to feel pleasure, change in appetite and sleep, loss of interest and 
concentration, crying, increased suicidal thoughts, fatigue or low energy.2 Screening for 
depression among adolescents includes diagnostic interviews and self-reported rating 
scales. One such scale is The Center for Epidemiological Studies-Depression Scale (CES-
D) which was designed to measure depression in community samples and has been found 
to be highly reliable when used among adolescents .3  
Numerous environmental factors may lead to susceptibility to depression among 
adolescents.4 These include situational stress, parental depression, anxiety and conflicting 
relationship with peers and families.5 Other potential biological factors include genetic 
predisposition,6 physical illnesses,7 and altered neurotransmitter function.8 
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Prevalence 
Major depressive disorder has been an interest of investigators for a long time. As 
many as 20% adolescents will have been affected by some depressive symptoms at some 
time by age of 18 in the United States (U.S.)9 According to the 2008 National Survey on 
Drug Use and Health, the prevalence rate of depression in U.S adolescents between 12 to 
17 years was 8.3%. Depression results in a substantial economic burden in the U.S. as 
well as other countries. The current estimated economic burden of mental health 
problems among children in the U.S is $8.9 billion annually10 due to the increased use of 
health care through counselling and other treatment and prevention programs.11  
 
Sociodemographic Characteristics and Depression 
Gender and Depression 
Prior to adolescence, the prevalence of depression is similar in boys and girls.12  
However, as pubertal stage begins, females are more likely to develop depression than 
males by a ratio of approximately 2:1. The onset of gender differences in depression 
could be due to multiple factors. Studies indicate a linkage of low level of serotonin in 
the brain with depression.13 The mean rate of serotonin synthesis in males is 53% higher 
than in females14 and this could be linked with the lower prevalence of depression 
amongst males. The prevalence of depression in females increases after puberty and 
following childbirth and decreases after menopause, indicating a probable role of sex 
hormones in the emergence of depression.15 In animal models, it has been shown that 
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estrogen and progesterone could affect depression susceptibility through their different 
effects on the neuronal activity.  
 
Race/Ethnicity and Depression 
While some previous studies of racial differences in the prevalence of depression 
among adolescents have found a higher risk in blacks than whites, 16;17 the majority of 
studies indicate that blacks have lower risks for developing depression than whites.18;19 
Some studies have found a higher prevalence of depression among Latino adolescents 
compared with blacks and whites.20  
    
SES and Depression 
Socioeconomic status (SES) is often defined in terms of parental education level 
and/or household income. There is strong evidence that SES is an important risk factor 
for depression. A meta-analysis conducted in 2002 revealed that individuals in lower SES 
categories had a roughly 2-fold increased risk of developing depression compared 
individuals in higher SES categories.21 Generally speaking, adolescents living in families 
with low SES may receive less parental role modeling and psychosocial support from 
their families, which may in turn lower their ability to cope with the known difficulties 
and challenges of  adolescence.22 Of note, in one randomized controlled trial, better 
coping skills were found to lower the risk of depression among adolescents.23 Low SES 
could also result in restricted access to health care, making it more difficult for 
adolescents with low SES to receive proper medical help.24  
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There may also be cultural differences in the relationship between SES and the 
prevalence of adolescent depression. A recent cross-sectional study in South Korea found 
that teenagers with higher maternal education levels and family income were actually 
more likely to be depressed.25 In this and similar cultures, higher SES family 
environments may lead to additional stress related to pressure for academic achievement 
and success. One study analyzing cultural differences among an ethnically diverse sample 
showed Mexican teens had significantly higher risk for depression compared with other 
ethnic groups.26  
 
Self-esteem and Depression 
Self-esteem also known as self-worth is a term to describe how a person perceives 
his or her own overall value in terms of a variety of factors such as physical appearance, 
achievement, and social acceptability. A large body of studies indicate that negative self-
esteem is strongly linked to the onset of depression among adolescents.27 As girls become 
more concerned about their body image as they mature, body dissatisfaction could make 
them more sensitive to outside criticism such as teasing from peers about physical 
appearance, which could result in low self-esteem.28-30 According to one national survey, 
one out of four American children and adolescents aged 2 to 17 years old reported they 
were teased because of their weight.11 In at least one study, body-related teasing has been 
shown to lead to low self-esteem and eventually depression.31;32  
 
Obesity and Depression 
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Adolescent obesity has come to be a global public health concern. Ogden reported 
that in the U.S., the number of overweight adolescents has increased threefold since 
1980.32 Based on the current childhood and adolescent obesity data, approximately 16.9 
% of U.S. children and adolescents meet the criteria of obesity.32  If current trends 
continue, the prevalence rate of childhood and adolescent obesity is estimated to double 
in the U.S by 2030.33 
Along with the current childhood obesity epidemic, there has been a rise in the 
prevalence of obesity-related diseases. Obese adolescents are more likely to develop early 
atherosclerotic cardiovascular disease changes,34 become prediabetic,35 and suffer from 
psychosocial problems such as depressive symptoms and suicidal thoughts.36 
Additionally, overweight adolescents are at extremely high risk to become overweight or 
obese adults. Lifestyle factors undoubtedly play a major role in the development of 
childhood and adolescent obesity.37 Studies on adolescent eating habits over the past 
twenty years indicate that youth are eating outside of the house more,38 consuming more 
sweetened beverages39 and eating fewer vegetables and fruits.40 At the same time, they 
are more likely to be occupied by television, video games, and computers instead of 
outdoor physical activity.41 Taken together, this energy imbalance fosters excessive 
weight gain and increased obesity risk.42 
Prior studies amongst adults have found that depression often co-occurs with 
obesity, suggesting that these two disorders may causally related.43 Similarly, a number 
of studies have documented that obesity is associated with elevated prevalence of 
depression among adolescents.44-46  In addition, depressed adolescents have been found to 
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be at higher risk of becoming obese.47 The underlying mechanisms and directionality of 
the relationship between these two disorders remain largely unknown. A recent study 
found, however, that among adolescent girls earlier obesity was predictive of later 
depression and earlier depression was associated with the development of later obesity.47  
 
Physical Activity and Depression 
Adolescents tend to become less physically active as they age. Data from CDC in 
201348 showed the percent of adolescents who attended physical courses on five days 
declined from 42% to 29% from 1991 to 2013 and only 27% adolescents met the 
recommendation of at least one hour each day by the 2008 Physical Activity Guidelines 
for Americans. Many adolescents spend their leisure time watching television (TV), 
playing video games or surfing on the internet. Moreover, the amount of structured 
physical activity offered at school is also decreasing.  
The favorable effect of physical activity on depression has been identified by a 
large volume of studies. A large population-based study in Denmark showed a high level 
of physical activity is significantly related to a lower risk of developing depression and 
this relationship is not affected by gender.49 In addition, physical activity has been shown 
to have an effect similar to treatment with psychotherapy in terms of improving 
symptoms among depressive patients.50 
 
TV/Video Viewing and Depression 
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There has been growing interest in investigating the association between 
sedentary behaviors and depression. Sedentary behaviors refer to activities that require 
light expenditure (<1.5 METs) such as watching TV, playing video games, and playing 
on the computer.51  Sedentary behavior is very common in adolescents in developed 
countries with TV viewing occupying much of their leisure time. The American Time 
Use Survey in 2012 found among adolescents aged 15 and older, 2.8 hours per day was 
spent on watching TV, accounting for the majority of leisure time.52  
A recent longitudinal study showed that the more amount of time adolescents 
spend watching TV, the more likely they are to develop depression as they grow into 
young adults.53  About 4000 teenagers who were not depressed at baseline were enrolled 
in the study. More than 7% exhibited depressive symptoms as young adults after 7 years 
in the study (mean age=21 years). Researchers found that there was an 8% increased risk 
for depressive symptoms for every extra hour of TV viewing.53 Evidence from previous 
studies indicates high exposure to TV may be related to depression through effects on 
self-esteem. In a Canadian study, researchers found that reductions in TV watching were 
linked with increased self-esteem.54 Therefore, excessive TV viewing time may be linked 
to the development of depression through intermediate effects on self-esteem55 or by 
influencing diet. It might also be that sedentary behaviors limit the time that is available 
for physical activity and socializing, both of which may reduce risk of depression.56  In 
addition, spending excessive amounts of time in sedentary behaviors can disturb sleep 
which in turn may affect mental health.57   
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Study Objectives 
The overall goal of this thesis is to evaluate the bi-directional relationship between 
obesity and depression using previously-collected longitudinal data from the National 
Heart, Lung and Blood Institute’s Growth and Health Study (NGHS). We have addressed 
the following aims in these analyses:  
1) To evaluate whether overweight or obese adolescent girls are at higher risk of 
developing depression than their normal-weight counterparts and to determine 
whether differences in self-esteem explain any of the effects of obesity on 
depression. 
2) To evaluate whether younger adolescent girls (9 to 13 years) with poor diet, 
reduced physical activity, or higher levels of sedentary behaviors will have higher 
risks of subsequent depression and to determine whether these effects differ by 
baseline BMI.  
3) To determine the effects of depression during mid-adolescence on subsequent 
activity-related behaviors, diet, and BMI.  
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METHODS 
 
Subjects and Recruitment  
 
The original goal of the NGHS was to evaluate factors associated with development of 
obesity and cardiovascular disease risk in a cohort of black (n=1,213) and white 
(n=1,166) girls. Subjects were recruited from three study field centers: the University of 
California, Berkeley; the University of Cincinnati Children’s Hospital Medical Center, 
Cincinnati; and Westat, Inc,/Group Health Association, Washington, DC. Girls were 
selected from public and parochial schools as well as a prepaid medical program. The 
study was conducted under Institutional Review Board approval and all parents or 
guardians gave informed consent. Subjects were 9-10 years of age at baseline and were 
followed annually for 10 years. About 90% girls who were originally enrolled at baseline 
participated through exam 10. Specific details of the study design and baseline 
characteristics are reported elsewhere.58  
 
Data Collection  
BMI and Obesity 
Weight and height were measured in standardized fashion at each exam using a 
Health-o-meter electronic scale (model 482; Bridgeview, IL) and a portable stadiometer 
(Creative Health Products, Plymouth), respectively. BMI was estimated as [weight (kg) ∕ 
height (m)2]. Data from the CDC was used to define overweight and obesity;59  girls with 
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a BMI at or above the 95th percentile for age and sex were considered to be obese while 
those at or above the 85th but less than 95th percentile were considered overweight.  
 
Dietary Assessment 
Dietary data on foods consumed were collected in eight of 10 examination years 
(years 1-5, 7, 8, and 10) from three-day food records which included two weekdays and 
one weekend day. Subjects were trained by nutritionists in how to record their daily food 
intake and received measuring tools for estimating portion size. Nutrient intakes were 
calculated using the Nutrition Data System (NDS) of the University of Minnesota’s 
Nutrition Coordinating Center.60  Records with extreme dietary intakes were deemed 
unreliable and excluded from the study. 
A range of dietary intakes were evaluated in these analyses including fruit, 
vegetables, meats, macronutrient intakes (percent of calories from fat, saturated fat, 
carbohydrates, and protein), and intakes of solid fat and added sugars (SoFAS). 
 
Physical Activity 
A simplified, validated three-day activity diary which coincided with the three-
day food record was used to measure physical activity.61 Girls were asked to select the 
daily amount of time spent on different activities using pictures in a diary that depicted 
24 of the most frequent activities for girls of a given age. Twenty-two physical activities 
(e.g., bicycling, swimming, playing soccer) and two sedentary activities (e.g., watching 
TV, playing video games) were included. There were three categories of duration time: 
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1–15 min, 16–30 min, and >30 min. Because the duration of activity was in time 
intervals, we used the mid-point to measure duration time (i.e., 7.5 min for the 1–15 min 
interval; 22.5 min for 15–30 min and 45 min for more than 30 min). In addition, a MET 
(metabolic equivalent) value ranging from 0-5 was assigned to each activity according to 
the intensity of the activity. Sedentary activities received a MET score of 0. Each specific 
activity score expressed as MET/minute/day was obtained by multiplying the assigned 
MET value of the specific activity by the duration of participation in that activity. These 
MET values were summed to give the total MET value for each day. If the total reported 
exercise time exceeded the possible maximum possible hours, that part of activity diary 
was considered to be unreliable; these data were excluded. If data from two of three days 
data were unusable, the entire diary was excluded. The final activity diary score was the 
mean of all available diary days. 
 
TV and Video Watching 
Total hours per day spent watching TV and videos were considered a marker of 
sedentary behavior. Subjects were presented with a list of programs available each day 
during the week and then asked to indicate which one(s) they usually watched. They were 
also asked to document the number videos they watched each day. An average TV and 
video watching hours per day was calculated.  
 
Diet Quality 
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Healthy Eating Index 2005 (HEI) was used to estimate overall diet quality for the 
girls. This index is an indicator of concordance with federal dietary guidance. HEI 2005 
scoring range is from 0-100 (low to high) and is based on 10 components with each 
component ranging from 0 to 10 points. Individuals whose intakes met the recommended 
level for each dietary component received a maximum score of 10. A score of 0 
represented no foods were consumed in a specific food group. Intermediate scores were 
derived as a proportion of recommended intake.  
 
Depression Status 
Depression was measured using the Center for Epidemiological Studies-
Depression Scale (CES-D). The CES-D scale is a self-reported 20-item scoring 
instrument that measures the relative level of depressive symptoms. Although it was 
originally designed for use with adults, this scale has been used in studies of young 
adolescents62;63  Depression was measured at exams 8 and 10. Girls with a score below 
16 were considered not depressed. Those with a score from 16 to 23 represented mild 
depression and a score of 24 or greater was considered more moderate depression. The 
cut-off point from previous studies was selected to yield maximum specificity as well as 
sensitivity of CES-D as a marker of depression in adolescents.16 
 
Other Variables  
Other variables used in these analyses included race, SES, baseline age, age at 
menarche, and self-esteem. Race was self-reported as either black or white using US 
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Census categories. Family SES information was collected from a household demographic 
sheet administered to parents or guardians. SES was categorized into three groups: low, 
moderate and high based on parental education and household income. Low SES referred 
to those with a household income < $10,000 (regardless of level of parental education) 
and those whose earned income did not exceed $20,000 with parental education level of 
high school or less. High SES included families with a household income of at least 
$40,000 and parental education level of high school education or higher. All other 
families were classified as moderate SES. 
Self-esteem (self-worth) was assessed using Self-Perception Profile for 
Children.64 This self-administered scale is comprised of 6 subscales with each item 
scored on a scale of 1 to 4. The scale uses a “structured alternative format” developed by 
Harter in 1982.65  Subjects first indicated which of two contrasting statements fit them 
best and then reported whether it as “Really True for Me” or “Sort of True for Me”. 
Higher score reflected higher self-worth.  
 
Statistical Analysis 
All analyses were performed using Statistical Analysis Systems (SAS) software, 
version 9.3 (SAS Institute, Cary, NC, USA). Descriptive characteristics for the first two 
objectives are presented for girls according to baseline (ages 9-10 years) weight status 
while for the third objective baseline characteristics are shown according to depression 
status at exam 8. Weight status was classified at baseline as normal weight (<85th 
percentile for age, sex, and height at baseline), overweight (85th - <95th percentile), or 
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obese (≥95th percentile) based on the CDC growth curves, Multiple logistic regression 
models were used to estimate the effects of weight status on the risk of depression seven 
years later after adjusting for potential confounding variables including race, SES, dietary 
factors, and activity-related factors. Only variables that change the effect estimates by 
more than 5% and were thought to be important variables were retained in the final 
models; these included race, SES, activity, TV/video time, HEI, percent calories from 
protein and baseline age. To address the question of whether the effects of obesity on 
depression risk might be explained by intermediate effects on the child’s self-esteem, we 
explored the inclusion of this variable in the final model.  
To develop a predictive model for determining those factors that predicted the risk 
of developing depression, a series of multivariable logistic regression analyses were 
carried out. The final model included those factors that were significant predictors and 
were thought to be important variables. The predictive model contained TV/video 
watching, physical activity, HEI, race, SES, baseline BMI and self-esteem.  
Lastly, for objective 3, the effect of depression at exam 8, when the girls were 
approximately 16 years of age, on risk of obesity and other behaviors were examined. 
Longitudinal mixed models were used to take advantage of the repeated measures design 
and to adjust for both fixed and changing covariates.  
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RESULTS 
 
Table 1 shows baseline characteristics for the girls by three weight categories: 
normal weight, overweight and obese. Girls who were obese watched more TV and 
videos compared with other groups (p<.0001). Obese girls tended to be less active than 
either overweight or normal weight girls. Black girls were more than twice as likely to be 
obese (17.6%) as white girls (8.0%). Similarly, 17.9% of girls whose families were in the 
low SES category were obese compared to 9.6% of those in the high SES category.  
 
Table 1. Sociodemographic characteristics of girls by baseline weight status 
 
  Normal Weight Overweight Obese   
Characteristics 
 
n=1484 
 
n=299  
 
n=268 p-value 
 mean (± s.d.)   
Age (yrs) 10.0 ± 0.6 10.1 ± 0.5 10.1 ± 0.5 0.009 
Weight (kg) 32.9 ± 5.5 44.5 ± 5.6 55.8 ± 9.4 <.0001 
Height (cm) 140.1 ± 7.3 143.9 ± 7.4 145.7 ± 7.7 <.0001 
BMI (kg/m2) 16.7 ± 1.7 21.4 ± 1.0 26.1 ± 2.9 <.0001 
Self-esteem1 3.2 ± 0.6 3.1 ± 0.6 3.0 ± 0.7 <.0001 
Activity score (METs/day2) 31.9 ± 18.5 31.8 ± 18.0 29.2 ± 18.7 0.086 
TV/Video (hrs/day) 4.4 ± 2.3 4.7 ± 2.3 5.2 ± 2.3 <.0001 
Race N (row %)  
 White (n=973) 761 (78.2%)  134 (13.8%) 78 (8.0%)  
 Black (n=1078)                                                               723 (67.1%) 165 (15.3%) 190 (17.6%) <.0001 
SES3   
 Low (n=469) 324 (69.1%) 61 (13.0%) 84 (17.9%) <.0001 
 Moderate (n=881) 613 69.6%) 151 (17.1%) 117 (13.3%)  
 High (n=701) 547 (78.1%) 87 (12.4%) 67 (9.6%)   
1Self-esteem was estimated using Self-Perception Profile for Children scale (range=1 to 4 
with 1 being lowest self-esteem) 
16 
   
2METs: metabolic equivalent levels/day 
3SES: socio-economic status  
 
Table 2 presents dietary characteristics of subjects associated with category of 
weight. Girls classified as obese consumed less energy, percent energy from 
carbohydrates, total fruits as well as fruit and non-starchy vegetables but consumed 
significantly more percent energy from fat. There were no statistically significant 
differences between the three groups in terms of HEI scores, vegetable consumption, or 
the self-reported intake of solid fat and added sugars (SoFAS).  
 
Table 2. Mean dietary intakes according to baseline weight status 
  
Normal 
Weight Overweight Obese   
Characteristics n=1484 n=299  n=268 p-value 
 mean ± s.d.   
Energy (kcals) 1841 ± 495 1894 ± 536 1779 ± 495 0.022 
Total vegetables (cup eq/day) 0.9 ± 0.6 0.9 ± 0.5 0.8 ± 0.5 0.109 
Total fruits (cup eq/day) 1.0 ± 0.9 0.9 ± 0.9 0.9 ± 0.8 0.046 
Fruit & non-starchy vegetables 1.5 ± 1.0 1.4 ± 1.0 1.3 ± 0.9 0.037 
(cup eq/day)     
% Energy from protein 14.1 ± 2.8 14.5 ± 2.8 14.4 ± 2.9 0.028 
% Energy from carbohydrate 51.5 ± 2.8 50.1 ± 6.7 49.9 ± 7.0 <.0001 
% Energy from fat 35.6 ± 5.4 36.4 ± 5.4 36.6 ± 5.8 0.002 
% Energy from SoFAS1 42.8 ± 7.7 42.2 ± 7.2 42.6 ± 7.4 0.472 
Healthy Eating Index score 45.2 ± 9.3 45.7 ± 10.3 44.7 ± 8.8 0.453 
1SoFAS: solid fat, added sugars 
Table 3 displays the distribution of CES-D scores among normal weight, 
overweight and obese girls. A CES-D score <16 reflects no depression, while scores from 
16 to 23 reflects mild depression, and a score of 24 or higher indicates moderate 
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depression. The term “any depression” refers to either mild or moderate depression. 
Overall, obese girls were more likely to develop any depression (47.4%) than either 
normal weight or overweight girls. In both blacks and whites, obesity was associated with 
a greater likelihood of moderate depression than girls in other groups. The proportion of 
obese black and white girls having any depression (mild or moderate) was the same.  
 
Table 3. CES-D Scores among normal weight, overweight and obese girls 
    CES-D Scores   
  N <16 16-<20 20-<24 ≥ 24 
Any 
depression 
All Girls  2051 N (row percent)  
Normal Wt1 1484  975 (65.7%) 193 (13.0%) 139 (9.4%) 177 (11.9%) 509 (34.3%) 
Overweight1   299 186 (62.2%) 40 (13.4%) 35 (11.7%) 38 (12.7%)  113 (37.8%) 
Obese1  268 141 (52.6%) 42 (15.7%) 34 (12.7%) 51 (19.0%)  127 (47.4%) 
Blacks  1078      
Normal Wt   723 495 (68.5%) 92 (12.7%) 59 (8.2%) 77 (10.7%)  228 (31.6%) 
Overweight  165 108 (65.5%) 17 (10.3%) 24 (14.6%)  16 (9.7%) 57 (34.6%) 
Obese   190 100 (52.6%) 29 (15.3%) 28 (14.7%) 33 (17.4%)  90 (47.4%) 
Whites  973      
Normal Wt  761 480 (63.1%) 101 (13.3%) 80 (10.5%) 100 (13.1%) 281 (36.9%) 
Overweight   134 78 (58.2%) 23 (17.2%) 11 (8.2%) 22 (16.4%) 56 (41.8%) 
Obese 78  41 (52.6%)  13 (16.7%)  6 (7.7%)  18 (23.1%) 37 (47.5%) 
1Normal Weight: BMI <85th percentile; Overweight: BMI=85th to <95th percentile; Obese: 
BMI ≥ 95th percentile  
 
In Table 4A, the unadjusted model shows girls who were overweight/obese (BMI 
≥85th percentile) had significantly higher risk for developing any depression (mild or 
moderate) compared with normal weight girls. Overweight/obesity was still predictive 
even of depression after controlling for potential confounding variables (adjusted model 
1). The effects of overweight/obesity were stronger in blacks compared with whites. To 
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determine whether the effects of overweight/obesity were partially explained by 
differences in self-esteem, model 2 also adjusts for self-esteem. These results suggest that 
the effects of overweight/obesity are partially explained by differences in self-esteem. 
The independent effect of overweight/obesity remained for black girls. 
 
 
Table 4A. Relative odds ratio for depression associated with overweight/obesity in 
early adolescence  
 
Weight Status CES-D≥16 (n= 749) 
 All   Whites   Blacks 
Unadjusted Model OR 95%CI  OR 95%CI  OR 95%CI 
   Normal weight1 1.00 -  1.00 -  1.00 - 
   Overweight/Obese1 1.41 1.15 1.71  1.34 0.98 1.82  1.53 1.18 2.00 
Adjusted Model 1            
   Normal weight 1.00 -  1.00 -  1.00 - 
   Overweight/Obese 1.36 1.11 1.66  1.18 0.85 1.62  1.53 1.17 2.00 
Adjusted Model 2            
   Normal weight 1.00 -  1.00 -  1.00 - 
   Overweight/Obese 1.24 1.00 1.52   1.04 0.75 1.45   1.42 1.08 1.87 
1Normal Weight: BMI<85th percentile; Overweight/Obese: BMI≥85th percentile 
Model 1: Adjusted for race (for all subjects model), SES, television/video (hrs/day), 
physical activity (METs), HEI, percent energy from protein and baseline age. 
Model 2: Self-esteem score added to Model 1 
 
For moderate depression as shown in Table 4B, after the adjustment for covariates, 
there was more than a 30% statistically significant increased risk of moderate depression 
associated with overweight/obesity. Both blacks and weights who were overweight/obese 
had an increased risk of moderate depression but this effect was somewhat attenuated by 
adding self-esteem to the multivariable model.  
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Table 4B. Relative odds for moderate depression associated with overweight/obesity 
in early adolescence  
 
 CES-D ≥24 (n= 266) 
Weight Status All   Whites   Blacks 
Unadjusted Model OR 95%CI  OR 95%CI  OR 95%CI 
   Normal weight1 1.00 -  1.00 -  1.00 - 
   Overweight/Obese1 1.38 1.04 1.81  1.54 1.03 2.30  1.34 0.92 1.97 
Adjusted Model 1            
   Normal weight 1.00 -  1.00 -  1.00 - 
   Overweight/obese 1.33 1.00 1.76  1.39 0.91 2.10  1.29 0.88 1.90 
Adjusted Model 2            
   Normal weight 1.00 -  1.00 -  1.00 -  
   Overweight/obese 1.20 0.90 1.60   1.24 0.81 1.90   1.17 0.79 1.74 
1Normal Weight: BMI<85th percentile; Overweight/Obese: BMI≥85th percentile 
Model 1: Adjusted for race (for all subjects model), SES, television/video (hrs/day), 
physical activity (METs), HEI, percent energy from protein, and baseline age. 
Model 2: Self-esteem score added to Model 1 
 
As can be seen in Table 5A, obese girls overall had a 73% increased odds for 
developing any depression (unadjusted model). When controlling for race, SES, 
television and video viewing time, physical activity, Healthy Eating Index score, percent 
energy from protein and baseline age, the effects were attenuated but still statistically 
significant. When self-esteem was added to the model, the effect of obesity on any 
depression was further reduced but still remained statistically significant. These effects 
were all stronger among blacks compared with whites.  
In Table 5 B, the effects of obesity on risk of moderate depression among obese 
girls were somewhat stronger. Moreover, the effects of obesity were similar among 
blacks and whites. When self-esteem was added to the model, the odds ratios for 
moderate depression were somewhat attenuated but suggest that obese black girls in 
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particular have a higher risk from moderate depression that is independent of effects on 
self-esteem. 
 
 
Table 5A. Relative odds for depression associated with overweight and obesity in 
early adolescence  
 
 CES-D ≥16 (n= 749) 
Weight Status All   Whites   Blacks 
Unadjusted Model OR 95% CI  OR 95% CI  OR 95% CI 
   Normal weight1 1.00 -  1.00 -  1.00 - 
   Overweight1 1.16 0.90 1.51  1.23 0.84 1.78  1.15 0.80 1.64 
   Obese1 1.73 1.33 2.24  1.54 0.97 2.46  1.95 1.41 2.71 
Adjusted Model 1            
   Normal weight 1.00 -  1.00 -  1.00 - 
   Overweight 1.14 0.88 1.49  1.12 0.77 1.64  1.17 0.81 1.69 
   Obese 1.64 1.25 2.15  1.28 0.79 2.08  1.91 1.37 2.66 
Adjusted Model 2            
   Normal weight 1.00 -  1.00 -  1.00 - 
   Overweight 1.06 0.81 1.39  1.04 0.71 1.54  1.10 0.76 1.59 
   Obese 1.46 1.11 1.94   1.05 0.64 1.73   1.76 1.25 2.48 
1Normal Weight: BMI <85th percentile; Overweight: BMI=85th to <95th percentile; 
Obese: BMI ≥ 95th percentile 
Model 1: Adjusted for race (for all subjects model), SES, television/video (hrs/day), 
physical activity (METs), HEI, percent energy from protein and baseline age. 
Model 2: Self-esteem score added to Model 1 
 
Beginning with Table 6A, the second objective involving the examination of multiple 
early adolescent predictors of depression is addressed. The variables included in the final 
model were independent predictors of the depression outcome or improved the overall R-
squared for the model. Table 6A shows the predictors of “any depression” (either mild or 
moderate) while Table 6B shows the impact of these predictors on risk of moderate 
depression (CES-D score 24 or higher).  
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Table 5B. Relative odds for moderate depression associated with overweight and 
obesity in early adolescence 
 
 CES-D ≥ 24 (n= 266) 
Weight Status All  Whites  Blacks 
Unadjusted Model OR 95% CI  OR 95% CI  OR 95% CI 
   Normal weight1 1.00 -  1.00 -  1.00 - 
   Overweight1 1.08 0.74 1.56  1.30 0.79 2.15  0.90 0.51 1.59 
   Obese1 1.74 1.23 2.45  1.98 1.13 3.50  1.76 1.13 2.75 
Adjusted Model 1            
   Normal weight 1.00 -  1.00 -  1.00 - 
   Overweight 1.05 0.72 1.53  1.22 0.73 2.04  0.89 0.50 1.57 
   Obese 1.68 1.17 2.39  1.68 0.93 3.04   1.66 1.06 2.61 
Adjusted Model 2            
   Normal weight 1.00 -  1.00 -  1.00 - 
   Overweight 0.97 0.66 1.43  1.14 0.68 1.92  0.82 0.46 1.46 
   Obese 1.47 1.03 2.11   1.41 0.77 2.58   1.50 0.94 2.37 
1Normal Weight: BMI <85th percentile; Overweight: BMI=85th to <95th percentile; 
Obese: BMI ≥ 95th percentile 
Model 1: Adjusted for race (for all subjects model), SES, television/video (hrs/day), 
physical activity (METs), HEI, percent energy from protein and baseline age. 
Model 2: Self-esteem score added to Model 1 
 
In Table 6A, there was a 5% increased risk of depression (95% CI: 0.99-1.10) for 
each additional hour spent watching TV or video each day. The risk associated with TV 
viewing time was the same for white and black adolescent girls. Overall, race was an 
important predictor of depression risk, with whites having a 44% higher risk of 
depression than blacks. Low SES was also associated with an increased risk of depression 
for both whites and blacks. In addition, as shown in the previous analyses, obesity led to 
an increased risk of depression (either mild or moderate) in black girls. There was no 
beneficial effect of diet quality, measured by the HEI score, on depression risk. 
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Table 6A. Relative odds of any depression (mild or moderate) associated with 
behavioral and socio-demographic risk factors  
 
  CES-D ≥16 (n= 749) 
 All  Whites   Blacks 
Variables OR 95% CI  OR 95% CI  OR 95% CI 
TV (per 1 hr increase) 1.05 0.99 1.10  1.05 0.97 1.14  1.05 0.98 1.12 
RACE (white vs. black) 1.44 1.15 1.80  - -  - - 
SES (medium vs. high) 1.15 0.92 1.44  1.07 0.78 1.44  1.38 0.97 1.98 
SES (low vs. high) 1.56 1.18 2.06  1.59 1.00 2.53  1.74 1.20 2.53 
Physical activity (low vs. 
high) 
1.11 0.89 1.38 
 
1.12 0.83 1.51 
 
1.13 0.82 1.57 
BMI (≥95th vs. <95th 
percentile) 
1.50 1.14 1.97 
 
1.09 0.67 1.79 
 
1.79 1.29 2.49 
HEI Score (per 10 unit 
increase in score) 
1.06 0.93 1.20 
 
1.19 1.00 1.41 
 
0.90 0.74 1.09 
Self-worth (score: 1-4) 0.42 0.35 0.51   0.40 0.30 0.54   0.43 0.33 0.57 
 
The results in Table 6B predicting moderate depression are similar to those in 6A. In both 
tables, self-worth is a strong independent predictor of depression risk. Overall, as the self-
worth score increased by one point, the risk of depression declined by nearly 60%. 
 
Table 6B. Relative odds of moderate depression associated with behavioral and 
socio-demographic risk factors 
 
  CES-D ≥ 24 (n= 266) 
 All  Whites   Blacks 
Variables OR 95% CI  OR 95% CI  OR 95% CI 
TV (per 1 hr increase) 1.06 0.99 1.14  1.06 0.94 1.18  1.07 0.97 1.18 
RACE (white vs. black) 1.55 1.13 2.14  - -  - - 
SES (medium vs. high) 1.10 0.80 1.52  0.94 0.62 1.43  1.41 0.82 2.43 
SES (low vs. high) 1.33 0.91 1.96  1.62 0.92 2.88  1.36 0.77 2.42 
Physical activity (low vs. high) 0.92 0.67 1.24 
 
1.04 0.69 1.58 
 
0.80 0.50 1.26 
BMI ≥95 vs. <95th percentile 1.54 1.08 2.18  1.42 0.79 2.56  1.62 1.04 2.54 
HEI Score (per 10 unit increase) 1.04 0.92 1.25  1.10 0.87 1.39  0.95 0.72 1.26 
Self-worth (score: 1-4) 0.41 0.32 0.53   0.47 0.32 0.67   0.36 0.25 0.52 
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Table 7A presents results of baseline BMI-stratified models. Girls who were 
overweight/obese at baseline had 17% higher risk for depression (either mild or 
moderate) associated with each additional hour of watching more TV, whereas there was 
no association between TV/video viewing and depression among girls who were normal 
weight. The protective effect of higher self-esteem was somewhat stronger in normal 
weight girls (compared with overweight). 
 
Table 7A. Relative odds of any depression (mild or moderate) associated with 
behavioral and socio-demographic risk factors, stratifying by baseline BMI 
 
  CES-D 16 
All 
BMI<85th percentile  
(n=1484) 
BMI≥85th percentile  
(n=567) 
Variables OR 95% CI OR 95% CI 
TV (per 1 hrs increase) 1.00 0.94 1.07 1.17 1.06 1.29 
RACE (white vs. black) 1.39 1.06 1.82 1.58 1.04 2.40 
SES (medium vs. high) 1.19 0.92 1.56 1.09 0.71 1.66 
SES (low vs. high) 1.58 1.13 2.22 1.69 1.03 2.76 
Physical activity (low vs. 
high) 
1.16 0.90 1.51 1.05 0.70 1.58 
HEI Score (per 10 unit 
increase in score) 
1.10 0.95 1.28 0.94 0.75 1.19 
Self-worth (score: 1-4) 0.37 0.29 0.47 0.55 0.39 0.78 
 
 In additional analyses (data not shown), stratification by both race and BMI 
showed that the adverse effects of television viewing among overweight/obese girls was 
essentially the same for blacks and whites. Similarly the protective effects of higher self-
worth did not differ by race. In both blacks and whites, the protective effect was stronger 
in normal-weight girls. 
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 Table 7B shows the models predicting moderate depression, stratifying by 
baseline overweight/obesity. These analyses are similar to those in Table 7A except that 
the earlier table shows for predictive models for “any depression”. White girls had a 
higher risk of depression, although this effect was even stronger in overweight/obese 
white girls whose risk of depression was nearly twice as high as that of blacks. There 
were few other differences in results. 
 
Table 7B. Relative odds of any moderate depression associated with behavioral and 
socio-demographic risk factors, stratifying by baseline BMI 
 
  CES-D 24 
All 
Baseline BMI<85th percentile 
(n=1484) 
Baseline BMI≥85th percentile 
(n=567) 
Variables OR 95% CI OR 95% CI 
TV (per 1 hrs increase) 1.04 0.95 1.14 1.14 1.00 1.30 
RACE (white vs. black) 1.37 0.93 2.02 1.95 1.12 3.41 
SES (medium vs. high) 1.21 0.82 1.78 0.87 0.48 1.56 
SES (low vs. high) 1.22 0.75 2.00 1.52 0.80 2.88 
Physical activity (low vs. 
high) 
1.04 0.71 1.52 0.70 0.41 1.19 
HEI Score (per 10 unit 
increase in score) 
1.10 0.89 1.37 0.93 0.79 1.47 
Self-worth (score: 1-4) 0.36 0.26 0.50 0.50 0.32 0.79 
 
 
Table 8 shows characteristics for the 1,270 subjects included in these analyses by 
two categories of depression (non-depressed and depressed). Girls who were depressed 
had lower self-esteem compared with non-depressed subjects (p<.0001). There were no 
significant differences between groups in other variables; 43.1% of white girls were 
depressed while only 33.0% of black girls were depressed. 41.9% of girls whose families 
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were in the low SES category were depressed compared with 36.2% of those in the high 
SES category. Depressed girls also had a lower self-worth score (2.9 vs. 3.4) compared 
with non-depressed girls. 
 
Table 8. Sociodemographic characteristics of girls by depression status 
 
  
Non-
depressed 
(CES-D <16) 
Depressed1 
(CES-D ≥16)   
Characteristics n=782 n=488 p-value 
 mean (± s.d.)   
Age 17.0 ± 0.6 17.0 ± 0.5 0.3633 
Weight (kg) 59.8 ± 9.0 60.0 ± 9.6  0.2236 
Height (cm) 164.1 ± 6.4 163.83 ± 6.4 0.3945 
BMI (kg/ m2) 22.2 ± 3.1 22.5 ± 3.2 0.0893 
Self-worth 3.4 ± 0.5  2.9 ± 0.6 <.0001 
Activity score (MET1s  ) 9.9 ± 13.4 9.1 ± 18.7 0.2479 
TV/Video (hrs/day) 3.7 ± 2.8 3.6 ± 2.8 0.3135 
Race N (row %)  
  White (n=677) 385 (56.9%) 292 (43.1%)  
  Black (n=593)                                                               397 (67.0%) 196 (33.0%) 0.0002 
SES   
  Low (n=227) 134 (59.0%) 93 (41.0%)  
  Moderate (n=549) 333 (60.7%) 216 (39.3%)  
  High (n=494) 315 (63.8%) 179 (36.2%)  <.0001 
1Depressed: CES-D score ≥16 at exam 8 
 
 
Table 9 presents dietary-related characteristics of subjects by category of 
depression. There were only very small no differences between depressed and non-
depressed girls in terms of diet.  
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Table 9. Mean dietary intakes according to depression status at exam 8 
 
  
Non-
depressed Depressed1   
Characteristics 
n=782 n=488 
p-
value 
 mean ± s.d.   
Energy (kcals) 1872  ± 552 1854 ± 562 0.6215 
Total vegetables (cup eq/day)  1.2 ± 0.7   1.2 ± 0.9 0.6215 
Total fruits (cup eq/day)  1.0 ± 1.0 1.0 ± 1.1 0.7451 
Fruit & non-starchy vegetables (cup eq/day)  1.6 ± 1.2  1.6 ± 1.2 0.7542 
% Energy from protein 13.9 ± 3.2 13.9 ± 3.3 0.9734 
% Energy from carbohydrate 53.8 ± 8.5 54.7 ± 8.8 0.0944 
% Energy from fat 33.4 ± 7.2 32.5 ± 7.6 0.0576 
% Energy from SoFAS2 39.5 ± 9.2 39.7 ± 10.2 0.8486 
Healthy Eating Index score 48.6 ± 11.1  48.5 ± 11.5 0.453 
1Depressed: CES-D score≥16 at exam 8 
2SoFAS: solid fat, added sugars 
 
As shown in Table 10A, girls with a depression score of 16 or higher at exam 8 
had a 70% increased risk (unadjusted model) of developing obesity by exam 10. 
Although not shown, this risk was very similar after adjusting for all potential 
confounders except self-worth. Adding the self-worth score to the multivariable model 
cut the risk in half. White girls who had any degree of depression had more than a two-
fold increased risk of becoming obese by exam 10  
In Table 10B, the effect of a higher depression score (≥24) on risk of obesity 
(BMI ≥30) is shown. These results show that girls with higher depression scores are at 
even greater risk for becoming obese later in adolescence. In contrast with Table 10A, 
risk of obesity were higher for moderately depressed black girls compared with white 
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girls. Once again, in the adjusted model shown here, the attenuation of the effects were a 
result of adjustment for self-worth.  
Table 10A. Relative odds of obesity (BMI >30) associated with a depression score of 
16 or higher at exam 8 
 
  BMI≥30 (n=88) 
 All  Whites  Blacks 
Depression Status OR 95% CI  OR 95% CI  OR 95% CI 
Unadjusted Model            
Non-depressed 1.00 -  1.00 -  1.00 - 
Depressed1 1.70 1.05 2.76  2.37 1.11 5.05  1.45 0.75 2.80 
Adjusted Model             
Non-depressed 1.00 -  1.00 -  1.00 - 
Depressed 1.35 0.78 2.32   1.86 0.81 4.27   1.19 0.56 2.54 
1Depressed: CES-D≥16 at exam 8 
Adjusted Model: Adjusted for race (for all subjects model), SES, self-esteem, age at 
exam 8, television/video, Physical activity, HEI and % energy from protein 
 
 
 
Table 10B. Relative odds of obesity (BMI >30) associated with a depression score of 
24 or higher at exam 8 
  BMI≥30 (n=88) 
 All  Whites  Blacks 
Depression Status OR 95% CI  OR 95% CI  OR 95% CI 
Unadjusted Model            
Non-depressed 1.00 -  1.00 -  1.00 - 
Depressed1 1.94 1.33 3.33  1.79 0.82 3.92  2.47 1.15 5.28 
Adjusted Model             
Non-depressed 1.00 -  1.00 -  1.00 - 
Depressed 1.74 0.96 3.17   1.52 0.64 3.59   2.20 0.92 5.27 
1Depressed: CES-D≥24 at exam 8 
Adjusted Model: Adjusted for race (for all subjects model), SES, self-esteem, age at 
exam 8, television/video, Physical activity, HEI and % energy from protein 
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Figure 1 presents change in TV watching associated with any depression. In the 
first panel of each figure, depression scores were calculated at exam 8 only. In the second 
panel, each girl’s depression score was recalculated at exam 10. The results were 
essentially the same whether depression was measured only at exam 8 or at exams 8 and 
10. Girls who were depressed at exam 8 watched more television at that exam and at all 
subsequent exams than girls who were not depressed (p<0.001).  
 
 
Figure 1. Effect of depression score on change in TV/video watching time 
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Figure 1. Relation of depression status at exam 8 with TV/ watching at exam 8 and subsequent 
exams (panel 1). Relation of depression status at exam 8 with TV/ watching at exams 8 and 9 
with depression scores updated at exam 10 (panel 2). Differences between depressed and non-
depressed girls: p<0.05, for both.  
 
 
As shown in Figure 2, there was a statistically significant inverse relationship 
between depression and physical activity. Girls with depression at exam 8 were less 
active and remained that way through exam 10 (p<.0001). In addition, when we updated 
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data at exam 10, the results were similar although the depressed girls were even slightly 
less active.  
Figure 2. Effect of depression score on change in physical activity level  
 
 
      
 
Figure 2. Relation of depression status at exam 8 with physical activity at exam 8 and subsequent 
exams. Relation of depression status at exam 8 with physical activity at exams 8 and 9 with 
depression score and activity recalculated at exam 10. Differences between depressed and non-
depressed: p<.0001, for both.  
 
Figure 3 shows that there was no association found between depression and diet 
quality as estimated using the HEI, in that depressed girls and non-depressed girls had 
similar HEI score over time. Furthermore, there was no difference between the two 
groups when the depression score was recalculated at exam 10.  
Figure 3. Effect of depression scores on change in HEI scores 
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Figure 3. Relation of depression status at exam 8 with HEI at exam 8. Relation of depression 
status at exam 8 with HEI scores at exams 8 and 9 with depression score recalculated at exam 10. 
Differences between depressed and non-depressed were not statistically significant (panel 1 
p=0.2578, panel 2 p=0.5207).  
 
Figure 4 displays change in BMI associated with any depression, in that depressed girls 
had significantly higher BMI than that of non-depressed girls over time (p<.0001). Furthermore, 
the results were similar when the depression score was recalculated at exam 10 with depressed 
girls had slightly lower BMI while non-depressed girls exhibited somewhat higher BMI. 
 
Figure 4. Effect of depression scores on change in BMI scores 
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Figure 4. Relation of depression status at exam 8 with BMI at exam 8. Relation of depression 
status at exam 8 with BMI scores at exams 8 and 9 with depression score recalculated at exam 10. 
Differences between depressed and non-depressed were statistically significant: p<.0001, for 
both. 
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DISCUSSION 
 
Our initial analyses examined the effects of obesity and several other risk factors 
on adolescent depression. There were several key findings. Girls who were obese at 9-10 
years of age were at significantly higher risk of developing depression in mid-to-late 
adolescence compared to their non-obese peers. This relationship held even after 
adjustment for race, SES, TV/video viewing, physical activity, dietary protein (a dietary 
factor that was retained in the final model as it appeared to confound the relationship 
between BMI and depression), diet quality, and baseline age. Controlling for a measure 
of self-worth in the multivariable model led to some attenuation of the obesity effect 
suggesting that low self-esteem may explain some of the effect of obesity on depression. 
In the second set of analyses, several factors from the early adolescent years were 
found to predict the development of later depression (moderate or worse). Girls with 
higher levels of TV/video watching at earlier ages, for example, were also more likely to 
develop subsequent depression although this effect was stronger in girls who were 
overweight or obese at baseline. The self-worth score (which ranged from 1 to 4) was the 
strongest independent predictor of depression. Thus, this study found that young 
adolescent girls who were above the 95th percentile for weight, and who watched higher 
amounts of television, were of low SES, and had relatively lower measured self-worth 
were at higher risk for development more significant depression in later adolescent years. 
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In the final set of analyses, the impact of depression at exam 8 on obesity risk and 
other health behaviors were examined. Normal weight girls who with higher depression 
scores (≥24) at exam 8 were approximately 75% more likely to become obese over the 
next two years (95% CI: 0.96 to 3..17). Additionally, girls who were depressed at exam 8 
watched significantly more TV/video and were significantly less active at exam 8 and all 
subsequent exams. There was no association between depression at exam 8 and later diet 
quality.  
The statistically significant association found between early obesity and mid-to-
late adolescent depression in adolescent girls in these analyses is consistent with previous 
findings from the Trial of Activity for Adolescent Girls (TAAG) in which 6th grade 
obesity was predictive of depression two years later, although this finding was only 
among white girls66 Similarly, a population-based study of adolescents found that obese 
subjects were more likely to experience mental health problems such as depression 
compared with their non-obese counterparts, although this association only existed 
among non-Hispanic white and Hispanics, and not black youth.67  
While it might be assumed that obesity predicted depression in adolescents, in 
reality, this association has not been consistently shown and actually only a few studies 
have demonstrated that obesity predicted later depression.28  Results from two 
community-based studies indicated that obesity was not related to depression among 
adolescents regardless of sex, SES and ethnicity.68 Results of our study may not be 
comparable with those of other studies among adolescents because of a number of factors 
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including differences in study populations and differences in modeling as well as 
exposure and outcome measurement. 
Obesity could be predictive of depression through a number of mechanisms such 
as weight stigma, low self-esteem as well as decreased mobility. During teenage years, 
girls are more concerned about their body appearance and desire to be physically 
attractive; slimness is portrayed as beauty in the American culture. Girls could be 
depressed as a result of dissatisfaction about their own body image. A large 
epidemiological study among adolescent girls and boys found body dissatisfaction 
predicted depression five years later.69A number of cross-sectional studies also identified 
body-dissatisfaction as a strong predictor of depression.70;71  Furthermore, as girls mature 
their peer relationships become more important and this could make overweight girls 
with low self-esteem even more vulnerable to weight related teasing from others.  
In these analyses, we found an association between TV/video viewing and mid-to-
late adolescent depression although the effect didn’t achieve statistical significance. 
Association between TV/video watching and depression has been documented in some 
previous studies.53;72;73 In one longitudinal study, researchers examined the effect of time 
spent on various types of electronic media including TV and video viewing among 4142 
adolescents in grades 7 to 12 who were not depressed at baseline.53 After 7 years of 
follow-up, 7.4% of the subjects manifested depressive symptoms (based on CES-D 
score). Adolescents who were more exposed to TV had significantly greater odds of 
experiencing depression for every extra hour of daily TV watching.53  
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Adolescents may be particularly vulnerable to the role models and social 
behaviors that are seen on TV. Excessive hours spent watching TV may contribute to 
social isolation.74 On the other hand, excessive exposure to TV/video displaces many 
valuable components of our life including peer interaction.75;76  Social interaction enables 
adolescents to learn how to get along with peers77 and promotes positive social 
development, which may also have long-term favorable effects on mental health. Social 
isolation has been shown to lead to depression during this critical developmental 
period.75;76 Additionally, high exposure of TV/video can be related to depression through 
the effect of low self-esteem.54;78 
In this study, there was a surprising lack of association between physical activity 
and depression. This differs from results of several previous studies in adults where 
physical activity has been found to have a preventive effect of depression.79 A similar 
inverse association was also seen in a study of Chinese adolescents in which subjects who 
spent more time on physical activity had significantly lower risk of developing 
depression.80 A study examining the reciprocal relationship between physical activity and 
depression was conducted among U.S adolescents aged 11 to 15 and found that physical 
activity significantly reduced the risk of later depression.81  Underlying mechanisms for 
the beneficial effect of physical activity include improvements in self-esteem associated 
with exercise via increased levels of circulating endorphins. Children may feel better 
about themselves and their capacities if they are considered to have competence in 
physical activity, particularly in the context of playing with peers.82 Endorphins are 
opioid neuropeptides that bind to corresponding receptors in the brain, thereby improving 
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mood. The lack of relationship between earlier physical activity and mid-to-late 
depression in the current study was unexpected but could result from the type of activity 
information captured or errors in self-reported activity. This particular activity 
questionnaire did not capture non-structured activity which could be important in 
understanding the effect of total activity on depression risk.  
We also found very little relationship between diet and the development of 
depression in this study. We looked at many dietary variables including macronutrients, 
micronutrients, foods, and measures of diet quality, using the Healthy Eating Index. Past 
studies have been conducted exploring the relationship between single nutrients and 
depression.83;84 Among those single nutrients are folate, iron and Omega-3 fatty acids, 
which have been associated with depression risk.85-87 Low dietary folate intakes may lead 
to low levels of serotonin.88  Iron deficiency may be due to the low dietary intake or poor 
absorption and iron deficiency anemia has been documented to relate to depression.86 
Rather than using levels of individual nutrients to define poor diet, it is sometimes 
helpful to measure overall dietary pattern to reflect quality of diet. In this study, we 
utilized the Healthy Eating Index 2005 (HEI 2005) to reflect diet quality. The HEI 2005 
is based on compliance with the Dietary Guidelines for Americans (US Department of 
Health and Human Services and United States Department of Agriculture Dietary 
Guidelines for Americans. 2005). HEI 2005 has been shown to be reliable as an indicator 
of diet quality in adolescent population.89  However, information in terms of the 
relationship between food patterns and depression is limited. In the Healthy Aging in 
Neighborhoods of Diversity across the Life Span (HANDLS) study, they found that 
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better diet quality as characterized by higher HEI 2005 score could significantly alleviate 
the depressive symptoms among 1,118 American adults.90 One study conducted in 
Australia among adolescents aged 10-14 found unhealthy diet as assessed by accordance 
with the Dietary Guidelines for Children and Adolescents in Australia was significantly 
related to the increased risk for depression.91  While the mean HEI score of 47 reflects 
poor diet quality amongst NGHS subjects, our results indicate that earlier diet was not 
related to later depression. Overweight or obese people as well as females are prone to 
under report what they eat.92 In particular, they may under-report the consumption of less 
healthy foods which could explain the lack of an association in this study. Finally, it may 
also be that the HEI score is a poor measure of diet quality in adolescent girls which 
could also attenuate the effects on depression. 
To evaluate if baseline BMI modifies the association between earlier risk factors 
and later depression, we conducted BMI-stratified models. We did not detect differences 
in the effects of physical activity and HEI between two groups after stratification 
indicating that the overall model could be used. One interesting finding was that girls 
who were overweight or obese at baseline were at significantly higher risk for depression 
if they watched more TV, whereas there was no association between TV/video viewing 
and depression among girls who were normal weight. 
In these analyses, the relationship between depression and subsequent risk 
behaviors was also examined. Longitudinal data examining the association between 
existing depression and future obesity are limited. One prospective study among U.S 
adolescents found that depression during adolescence increased the risk for elevated body 
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mass index during adulthood.46 Another prospective study using the sample from the 
National Longitudinal Study of Adolescent Health found that depressed adolescents were 
more likely to develop and maintain obesity.93 In a more recent study looking at the 
prospective reciprocal relationship between obesity and depression, a community-based 
sample of Minnesota adolescents enrolled at 11 years of age were interviewed again at 
ages 14, 17, 20 and 24 years. Data on obesity and depression were collected at each time 
point. Results showed early adolescent depression predicted late adolescent obesity 
among females.47  The current study found that moderate depression at exam 8 predicted 
obesity two years later. Depressive symptoms such as increased appetite (particularly 
carbohydrate craving) and lethargy could be responsible for the increased likelihood of 
obesity. This could be linked with the ability of carbohydrates to increase serotonin levels 
in the brain, thereby improving mood.94   
There was an attenuation of the effect of moderate depression on obesity in the 
adjusted model, a finding that was due to the intermediate effects of self-esteem. 
Additionally, racial differences in the association between depression and obesity were 
seen. In particular, depressed white girls were at higher risk for mild or moderate 
depression than black girls. This could be due to racial differences in other behavioral 
risk factors, or perhaps differences in self-esteem associated with body weight.  
Depressed people may have different lifestyle compared with non-depressed 
people in that they may spend more time on TV/video watching, be more physically 
inactive, and eat less healthy diets. Studies examining if depression predicts TV/video 
watching are limited. Robinson found that people who were depressed had more free time 
39 
   
and watched more TV compared to happy people.95 This conclusion was supported in 
part by one cross-sectional study among adolescents.96 In addition, one longitudinal study 
with the same result found adolescent girls with depression in 2004 were at increased risk 
for higher TV viewing in 2006 that they watched an extra 168 minutes/week TV than 
those without depression.73 In our study, we found that after exam 9, TV/video watching 
increased for both depressed girls and non-depressed girls, which may not be surprising 
considering it is the time they leave high school. Thus, some girls have more free time 
after school or work and may spend more time watch TV and/or video. The results of our 
study are consistent with the findings of previous studies that depression at exam 8 
predicted more TV/video watching at exam 8 and later exams. In addition, when we 
looked at depression and TV/video watching cross-sectionally at exam 10, the results 
were similar. One possible underlying mechanism of the association between depression 
and TV/video viewing is that adolescent girls who are depressed may develop social 
withdrawal,97 avoiding from family and activities, thus are more desired to spend their 
free time alone such as watching television and/or video.  
We also found that depressed girls were less active during exam 8 and exam 10 
than non-depressed girls, a finding that supports two earlier studies. In a longitudinal 
study of a cohort population of Dutch adolescents, a significant inverse association was 
found between depression and later physical activity.98 Jerstad81 reported a similar result 
in a study of adolescent females where depression significantly predicted future low level 
of physical activity. However, a longitudinal study with a 10-year follow-up among 
Norwegian adolescents showed early depression did not have a negative impact on future 
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physical activity.99 The disparity of results between our study and Birkeland study could 
be due to the different instruments to measure depression and also the relatively low rates 
of depression in Norway.100 One possible reason that depression may lead to reduced 
level of physical exercise relates to anhedonia. People with depression are more likely to 
lack energy and interest which in turn limits motivation to be physically active. Looking 
at the diet quality of depressed girls, our result showed that there was no difference 
between the diet of depressed girls and that of non-depressed girls. Findings from 
previous studies among adults found that depressed individuals tended to eat a less 
healthy diet.101-103 As a result, people with depression may also exhibit deficiency in 
nutrients such as B vitamins, omega-3 fatty acids and some amino acids that are 
important to form neurotransmitters.104-106 However, to our knowledge, few studies have 
examined if existing depression impacts diet especially diet patterns among adolescents. 
Thus, additional studies are warranted in terms of the association among adolescent 
population.  
There are some limitations in this study. One major limitation is that most 
available data were self-reported and this may lead to bias. For example, underreporting 
has been shown to be common for some diet components such as total energy intake and 
percent energy from fat, among overweight and obese girls.107 As the marker of 
depression, CES-D score was only assessed at two points. However depression can be 
quite cyclic so it is feasible that depressed subjects were categorized as non-depressed 
based on the absence of depression at the examination time point. Thus, multiple 
measures of depression status would be helpful in future studies. Another limitation is the 
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lack of data on some potential confounders or predictors of interest such as parental 
depression and substance abuse. In addition, this study did not include any subjects of 
Hispanic ethnicity. Considering the high prevalence of depression in Hispanic 
adolescents20 this limitation may affect the applicability of these results to the larger 
population. 
There are, however, several significant strengths in this large cohort study. The 
large number of repeat measures over 10 years of follow-up provides a wealth of 
longitudinal data. In addition, the high retention rate of 88% at the end of the study 
strengthens the validity of the results.  
These findings have implications for future research and strategies for preventing 
depression in adolescent girls. Health care providers and clinicians should be aware that 
adolescent obesity is an important risk factor for development of clinically-meaningful 
depression and, further, that depression is an important risk factor for subsequent 
development of obesity. Both depression and obesity may have strong negative effects on 
the emerging self-worth of adolescent girls. Additional research on the mechanisms 
underlying the associations between self-esteem, depression, and obesity is needed. 
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